Interfacial control of lid opening in Thermomyces lanuginosa lipase.
Small unilamelar vesicles of anionic phospholipids (SUV), such as 1-palmitoyl-2-oleoylglycero-sn-3-phosphoglycerol (POPG), provide an interface where Thermomyces lanuginosa triglyceride lipase (TlL) binds and adopts a catalytically active conformation for the hydrolysis of substrate partitioned in the interface, such as tributyrin or p-nitrophenylbutyrate, with an increase in catalytic rate of more than 100-fold for the same concentration of substrate [Berg et al. (1998) Biochemistry 37, 6615-6627.]. This interfacial activation is not seen with large unilamelar vesicles (LUV) of the same composition, or with vesicles of zwitterionic phospholipids such as 1-palmitoyl-2-oleoylglycero-sn-3-phosphocholine (POPC), independently of the vesicle size. Tryptophan fluorescence experiments show that lipase binds to all those types of vesicles with similar affinity, but it adopts different forms that can be correlated with the enzyme catalytic activity. The spectral change on binding to anionic SUV corresponds to the catalytically active, or "open" form of the enzyme, and it is not modified in the presence of substrate partitioned in the vesicles, as demonstrated with inactive mutants. This indicates that the displacement of the lid characteristic of lipase interfacial activation is induced by the anionic phospholipid interface without blocking the accessibility of the active site to the substrate. Experiments with a mutant containing only Trp89 in the lid show that most of the spectral changes on binding to POPG-SUVs take place in the lid region that covers the active site; an increase in Trp anisotropy indicates that the lid becomes less flexible in the active form, and quenching experiments show that it is significantly buried from the aqueous phase. On the other hand, results with a mutant where Trp89 is changed to Leu show that the environment of the structural tryptophans in positions 117, 221, and 260 is somehow altered on binding, although their mobility and solvent accessibility remains the same as in the inactive form in solution. The form of TlL bound to POPC-SUV or -LUV vesicles as well as to LUV vesicles of POPG has the same spectral signatures and corresponds to an inactive or "closed" form of the enzyme. In these interfaces, the lid is highly flexible, and Trp89 remains accessible to solvent. Resonance energy transfer experiments show that the orientation of TlL in the interface is different in the active and inactive forms. A model of interaction consistent with these data and the available X-ray structures is proposed. This is a unique system where the composition and physical properties of the lipid interface control the enzyme activity.